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We report on a joint development effort between
ALLTEL Information Services Health Care Division
and IBM Worldwide Healthcare Industry to
demonstrate concurrent clinical decision support
using Arden Syntax at order-entry time. The goal of
the partnership is to build a high performance CDS
toolkit that may be easily customized for multiple
health care enterprises. Our work uses andpromotes
open technologies and health care standards while
building a generalizable interface to a legacy
patient-care system and clinical database. This
paper identifies four areas of design challenges and
solutions unique to a concurrent order-entry
environment: the clinical information model, the
currency ofthe patient virtual chart, the granularity
of event triggers and rule evaluation context, and
performance.

CLINICAL DECISION SUPPORT
Today in health care, the driving forces are cost
containment and quality of care. Since most patient
care actions and a large proportion of variable costs
are generated by physician orders, enhanced
feedback at the physician/computer interface can
improve health care delivery [1,21. This paper
describes a project to provide real-time value-added
assessments of captured clinical data to assist
physicians during order-entry.

We assume that the goal of clinical decision support
(CDS) is to present the "right information" to the
"right person" at the "right time," in the "right
format." We make the following distinctions
regarding CDS design choices:

* passive versus active systems: passive systems
are invoked by users while active systems
perform functions continuously as a byproduct
of data management;
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* aggregate versus individual patient-based
systems: some CDS systems analyze patterns
across a patient population; other systems
analyze data for one patient at a time;

* concurrent versus retrospective systems: some
systems provide feedback concurrent with the
care-giving while others provide feedback after
events have occurred;

* systems integrated with patient data base versus
standalone systems: some systems are integrated
with a full electronic patient record; standalone
systems make decisions in a more isolated
context or rely on user-supplied information.

* proprietary versus standards-based encoding:
some systems use proprietary coding schemes
for patient data, logic/rules and clinical
concepts, while other systems adopt industry
standards where available and appropriate.

Our position is that the goal of CDS is best achieved
by an active, patient-based system that is concurrent
and integrated with the patient database and order-
entry process. Furthermore, a standards-based
solution utilizing open-systems technology will
maximize reuse and broaden market acceptance. For
these reasons, our joint design focuses on event-
based rules processing triggered by clinical orders.
The approach described also has advantages of being
modular, extensible and customizable, and allows for
enterprise "ownership" of clinical content.

The Need for Standards
Event-based processing is not new. Several
institutions have developed their own
implementations of event-based CDS, demonstrating
cost savings and improved quality of care [3,4,5].
Lessons learned from these implementations led to
the development of the Arden Syntax as a standard

572



representation for medical logic to facilitate
knowledge reuse [7].

The anticipated widespread use and sharing of
Arden rules has been not been achieved. The
academic community has been responsible for most
CDS implementations using the Arden standard;
vendor-supported implementations are not widely
available. Since Arden specifies neither a data model
nor an architecture, demonstrations of the usefulness
of the standard are limited to home-grown
implementations with complex infrastructures. All
have used proprietary databases, locally built
decision-support servers, and different forms of
controlled vocabularies and data dictionaries.
Furthermore, requirements for "synchronous" rule
feedback to support order-entry functions in a timely
manner (preferably before the order is completed and
processed) have not been adequately addressed.

PROJECT SCOPE
A joint development project between ALLTEL
Information Services Health Care Division (formerly
TDS) and IBM Worldwide Healthcare Industry is
investigating the feasibility of a general CDS
solution for the order-entry environment. Our
approach has the following features: (a) the use of
emerging standards (Arden and SNOMED (College
of American Pathologists)), (b) the encapsulation of
the clinical patient data model to facilitate
maintenance, (c) real-time support for physician
order-entry, and (d) the integration of legacy clinical
patient information with CDS through retrieval and
data transformation mechanisms. The IBM Clinical
Information System (CIS) toolkit represents
"middleware" that will operate with different
existing interfaces both at the front and back ends. It
is designed with open systems standards to allow
portability across multiple platforms.

The components of the IBM CIS toolkit are (a) a
transient clinical information repository server, (b)
an Arden rule-authoring environment, (c) a clinical
lexicon server for controlled vocabulary, and (d) a
decision-support server to evaluate rules against
patient data to produce CDS feedback. All
components interact through published interfaces.

ALLTEL is enhancing its proven physician order-
entry capabilities by integrating the IBM CIS toolkit
to provide CDS. To achieve this, ALLTEL is adding
components to the design solution including an event
monitor, a high-performance data server, and a
action manager. The event monitor and action

manager coexist on a Windows 95® or Windows
NTO desktop client with the TDS 7000 order-entry
interface. The event monitor detects and filters
clinical events at the user interface. The ALLTEL
data server imports patient data from the ALLTEL
Permanent Patient Record into the transient
repository in response to decision-support server
requests. The action manager presents decision-
support server feedback to the clinical user in a
timely fashion. The architecture of the system we are
implementing is shown in Figure 1.

ALLTEL/IBM CDS Architecture

Figure 1: ALLTELIIBMCDS Architecture

A brief summar of the system flow is as follows:
The physician selects a patient from her patient list.
She follows ordering pathways to compose orders for
that patient. Then she invokes the REVIEW function
to check the orders. The REVIEW function triggers
the capture and submission of clinical events to the
decision-support server. If the orders are acceptable
to the physician and do not generate any CDS alerts,
the physician invokes ENTER to electronically sign
her orders. Our goal is to provide feedback to the
physician before the ENTER action is invoked.

The rest of this paper discusses issues encountered
during design, emphasizing requirements of the
order-entry environment. This is work in progress,
with a proof-of-concept phase scheduled to begin at
three ALLTEL test sites in January 1997.

REQUIREMENTS AND CHALLENGES
Four areas have presented challenges for our design:
(a) the clinical information model, (b) currency of
the patient virtual chart, (c) event granularity and
mle evaluation context, and (d) performance.

Clinical Information Model

573



Rules-based processing requires a consistent clinical
information model to bind patient data with rule
logic at run-time. In Arden, this is done through the
rule query language. While a single standard
clinical information model is still a "holy grail,"
some form of data model is required.

In order to author rules effectively, a rich and
intuitive view of the clinical information model is
needed. Ideally, the rule query language should
allow the author to seamlessly specify queries that
combine elements from both the patient clinical
information model and from the model of static
clinical concepts in the clinical lexicon. We refer to
such queries as conceptual queries. Our design
allows for incremental extensions of the rule query
language.

An example of a simple conceptual query that will be
supported is: select order.medication where
order.medication is-a potassium sparing diuretic.
Here order.medication specifies an attribute of the
patient clinical information model, while
potassium_sparing_diuretic refers to a class of
concepts in the clinical lexicon model. A more
complex conceptual rule query is the following:
select order.medication where
order.medication. dosage >
medication.maximum_dosage. In this case,
medication is both an attribute of the order object in
the clinical information model and the name of a
clinical lexicon model concept. The implementation
of the rule query language must support traversal of
both models to support this query.

While the rule author requires awareness of the
clinical information model, a well-designed system
will encapsulate it to facilitate modification as
databases and data needs change. Our design
represents the clinical information model
declaratively within the CIS schema knowledge base.
This encapsulation (a) insulates the event monitor
and the data server components of our architecture
from the details of the clinical information model,
and (b) allows those components to exploit reuse of
data transformation code.

The event monitor is responsible for detecting,
packaging, and transmitting user-interface events,
known as submission events, to the decision-support
server. After submission, the decision.-support server
invokes a set of predefined transformations on these
objects to convert the original submission data
format into the clinical information model format.

Likewise, a similar set of transformations is applied
to the data imported by the data server.

Currency of the Patient Virtual Chart
Other design decisions deal with the persistence and
currency of the model of patient data. Functional
requirements should be defined via analysis of the
ideal manual process. When a physician is about to
generate orders for a patient, she should be familiar
with all current orders, lab results, and other
pertinent information such as allergies and
concurrent medical problems. We refer to the
electronic analog of the manual chart as the virtual
patient chart. It contains the current snapshot of
patient data according to the published clinical
information model.

To support both functional and performance
requirements, we define the concept of a session as
the appropriate time frame to keep a virtual patient
chart "in focus" for CDS functions. In TDS 7000, a
session begins when a patient is selected by the
physician, and concludes when the physician selects
another patient or logs off.

At the start of a session, the patient data required to
populate the clinical information model is imported
to form the baseline for the virtual patient chart. To
maintain the currency of the patient chart, new
orders are added to the chart as the session proceeds.
This process is described in the following section
when describing the contextfor rule evaluation.

When a session ends, the virtual patient chart is
flushed. With this concept of a session, the patient
data required for decision-support server execution is
optimally accessible during the time window that
this patient is being considered by the physician.
This design has positive implications for
performance.

Trigger Granularity and Rule Evaluation Context
The definition of what constitutes a rule-triggering
clinical event is unclear [6]. The optimal granularity
of such events is also unclear. Should a single order
for an IVP within a set of orders for a patient with
possible kidney stones be considered a trigger for
CDS, or should triggering be done at the level of all
related orders (e.g., serum creatinine lab test order,
plus an IVP order)? The issue here is analogous to
determining the appropriate use of a
spelling/grammar checker. Should spell/grammar-
checking be done at the letter, word, phrase, or
sentence level? Are order sets (i.e., sentences) clearly
delineated? More research is needed in this area.
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Event bundling. Our design takes advantage of the
behavior of the TDS 7000 user interface to establish
a proposed granularity for events. We identify the
notion of a submission event bundle, delineated by a
REVIEW action, to transmit orders to the decision-
support server. While a single submission event
bundle may contain 1 to N order events, the event
transmission to the decision-support server and CDS
processing is invoked at the submission event bundle
level. The coarser grained event bundle establishes a
"sentence" context (refer to the spell/grammar
checker analogy). This viewpoint assumes that a
batch of orders may represent some higher-level
construct, such as a protocol or a conceptual order
set. For example, a conceptual order set might be
"orders for patients with possible kidney stones =
(IVP, a serum creatinine lab order, analgesics,
ultrasound)."

Submission data context. When the physician
selects REVItEW, the orders generated since the last
REVIEW in TDS7000 are bundled together and
appended to a submission data accumulator that
persists on the client until the end of a session. The
accumulated submission data is sent to the decision-
suppdrt server with each new submission event
bundle and is added to the virtual patient chart. This
behavior assures that rules will evaluate each new
bundle of orders within an ORDER/REVIEW/ENTER
cycle within the context of all orders generated
during the session. The patient virtual chart is thus
kept as current as possible.

The handling of submission data also has other
desired implications for our design. First, since
submission data is maintained on the client before
ENTERed, the physician may remove a submission-
from the order screen in response to an alert without
requiring access or modifications to the patient
virtual chart on the server side. The necessary
bookkeeping may also be done at the client desktop
to modify the status of session orders without
affecting the patient database until final
confirmation by the physician. The maintenance of
the status of events has implications for allowable
behaviors of the physician in response to an alert
(e.g.; a submitted stillfproposed event may be
removed by the physician before it has been sent to
the database; a submitted_and signed order must be
discontinued rather than simply removed from the
order screen).

In our system, individual Arden rules are invoked by
a single order, but the rule logic is evaluated within

the context of all the orders contained in the
accumulated submission data. This design approach
alleviates part of the problem identified as the future
events problem in a similar event-based system [8].
For example, if the IVP order in the previous
discussed conceptual order set was evaluated as an
event without the context of the serum creatinine lab
order (the next order in the event stream before
REVIEW), an unnecessary reminder might be
generated to order the creatinine. Bundling them
together results in correct system behavior.

Event bundling may not always be appropriate,
however. In cases where we intend to alert for errors
of commission such as disregarding a medication
allergy, the rule logic should be invoked at the level
of the selection of a single order for a potentially
offending medication rather than waiting for the
REV7EW action associated with multiple orders. On
the other hand, errors ofomission (e.g., reminders to
order a test that may have been overlooked) are often
best detected when evaluating events within a larger
context (event bundles). Future work will investigate
mechanisms for setting the appropriate granularity
for event submission and rule triggering; this may
require developing algorithms for preprocessing
rles and require extending the Arden language.

Performance
The key feature of -ALLTEL's electronic patient
record system iW its -acceptance by physicians for
direct order-entry; -a critici success faMr *is its
speed. Physicians arem li tolerate anything
less than a lightning-fist responseti tie ifthey are to
incorpoxate electronic order entry into -their busy
schedules. Thus, some ofz: the most important
challenges in our joint design are to discover
performance bottlenecks and reduce them.

One bottleneck is the volume of events being
transmi5ted to the decision-support-server. In an
event-processing system, every order is a potential
trigger event. Our design goal is to reduce, filter,
axn/or collapse the number of events that are deemed
"interesting" as soon as possible, either before they
are sent to the decision-support server or at least
before the rule has started to execute. In addition to
event bundling, we filter at a gross level on the
desktop, and rely on a conceptual event filter in the
decision-support server that makes use of the
hierarchical relationships between concepts in the
clinical lexicon (e.g.; spironolactone is.-a
potassium sparing diuretic).
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Another potential bottleneck is the number of
workstations that are sending events. To reduce this
traffic, we have chosen to activate CDS only for
specific user classes. Events are submitted only for
users who are authorized to act on an alert, such as
ordering physicians. A processing thread is
dedicated to a workstation at the user log-on level to
maximize performance for our usage patterns. The
memory cache used during rule evaluation is tied to
a session for the same reasons.

Experience has shown that accessing patient data
imposes the biggest load on CDS systems [9].
Therefore one design objective is to reduce the
amount of data imported from the database to
evaluate rules. Initially, we have reduced the data
model to a minimal set of key data elements, and
will add data elements incrementally. Future work
will investigate algorithms to preprocess rules as
they are authored. This should result in intelligent
schemes to limit the scope of imported data.

We also employ caching and anticipatory
"preloading" to reduce I/O. A periodically computed
list of currently admitted patients and expected
appointments guides a daily preload of patient data
to approximate currency of the patient charts likely
to be accessed. This strategy minimizes the extent of
the incremental updates that are performed at the
start of a patient session. This optimization is
especially important in our case, since we are also
transforming transactional data from an existing
format into the CDS data model.

SUMMARY
Our goal is to enable clinician decision support in a
production environment at physician order-entry
time, where it can have the greatest impact on health
care costs and quality. We have discussed design
challenges and solutions to promote reusability and
maintainability in a concurrent order-entry
environment. Key issues identified are: maintaining
currency of the patient virtual chart, encapsulation of
the clinical information model, setting granularity of
event, and performance. By also basing our design
on open standards (Arden Syntax and SNOMED)
and open technology, we hope to offer a solution that
is repeatable across multiple enterprises and that
realizes the goal of Arden Syntax to share rules
across institutions.
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